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Description
Technical Field

[0001] The presentinvention relates to a radio-communication device and a radio-communication method performing
communication operations in a communication environment generated on the basis of specifications specifying a plurality
of packet formats and particularly relates to a radio-communication device and a radio-communication method that do
not support at least some of the specified packet formats.

[0002] More specifically, the present invention relates to a radio-communication device and a radio-communication
method performing reception operations in Mixed Mode that supports IEEE802. 11n and that is compatible with
IEEE802.11a/g, and particularly relates to a radio-communication device and a radio-communication method that perform
effective communication operations upon receiving a Green-Field packet, even though the radio-communication device
and the radio-communication method do not support Green Field.

Background Art

[0003] Wireless networks have become a focus of attention, as systems free from wiring used for known wired-
communication methods. IEEE (The Institute of Electrical and Electronics Engineers) 802.11 and/or IEEE802.15 can
be named, as an ordinary standard relating to the wireless network.

[0004] Forexample,where |EEE802.11a/gis used,an OFDM (Orthogonal Frequency Division Multiplexing) modulation
method which is one of multi-carrier systems is used, as an ordinary standard of wireless LANs. According to the OFDM-
modulation method, transmission data is split across a plurality of carriers to which frequencies that are orthogonal to
one another are set, and transferred. Therefore, the band of each of the carriers becomes narrow and the frequency-
usage efficiency significantly increases, which achieves high endurance for a frequency-selective-phasing interference.
[0005] When IEEE802.11a/g standards are used, a modulation method achieving a communication speed of 54 Mbps
at the maximum is supported. However, a next-generation wireless-LAN standard capable of achieving a higher bit rate
has been demanded. For example, according to IEEE802.11n which is a standard generated by expanding
IEEE802.11a/g, a MIMO (Multi-Input Multi-Output) communication is adopted, so as to develop a high-speed wireless-
LAN technology achieving an effective throughput higher than 100 MPBS.

[0006] The MIMO communication is a technology achieving high-speed radio communications by using spatially
multiplexed spatial streams. On the transmission-device side, transmission data is distributed to a plurality of streams
and transmitted by using a plurality of antennas, and a reception device performs spatial separation for a spatially-
multiplexed signal received through the plurality of antennas by performing signal processing using the channel char-
acteristic, so that a signal can be extracted for every stream without causing any crosstalk (refer to Patent Document
1, for example). According to the MIMO-communication method, the transfer capacity is increased according the number
of antennas without increasing the frequency band, whereby an increased communication speed can be achieved.
[0007] Further, a PHY layer of IEEE802. 11n is provided with a high-throughput (High Throughput:HT) transfer mode
(hereinafter referred to as "HT mode") wherein a transfer method (Modulation and Coding Scheme:MCS) including a
modulation method and/or an encoding method is entirely different from that of known IEEE802.11a/g, and the PHY
layer is provided with an operation mode wherein data transmission is performed in the same packet format and frequency
area as those of known IEEE802. 11a/g (hereinafter referred to as "legacy mode"). Further, the HT mode is divided into
operation mode that is compatible with a known terminal supporting IEEE802.11a/g (hereinafter referred to as a "legacy
terminal") and that is referred to as "Mixed Mode (MM)", and operation mode that is not compatible with the legacy
terminal at all and that is referred to as "Green Field (GF)" (refer to Non-Patent Document 1, for example).

[0008] Figs. 12 to 14 show packet formats used in the operation modes including the legacy mode, the MM, and the
GF, respectively. However, in each of the drawings, a single OFDM symbol is determined to be 4 microseconds.
[0009] The format of a packet used in the legacy mode shown in Fig. 12 (hereinafter referred to as a "legacy packet")
is entirely the same as that of IEEE802.11a/g. The header portion of the legacy packet has an L-STF (Legacy Short
Training Field) including a known OFDM symbol provided, so as to find a packet, an L-LTF (Legacy Long Training Field)
including a known training symbol provided, so as to perform synchronization acquisition and equalization, and an L-
SIG (Legacy SIGNAL Field) wherein the transfer rate and/or the data length is written, as a legacy preamble. Subse-
quently, a payload (Data) is transmitted.

[0010] Further, the header portion of a packet shown in Fig. 13 (hereinafter referred to as an "MM packet") includes
a legacy preamble generated in a format which is entirely the same as that used for IEEE802.11a/g, a subsequent
preamble generated in a format which is typically used for IEEE802.11n (hereinafter referred to as an "HT format")
(hereinafter referred to as an "HT preamble"), and a data portion. In the MM packet, the portion corresponding to a PHY
payload provided in the legacy packet is generated in the HT format, and it may be considered that the HT preamble
and the PHY payload are provided in the HT format, reflexively.
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[0011] The HT preamble includes an HT-SIG, an HT-STF, and an HT-LTF. In the HT-SIG, information necessary to
understand the HT format is written, the information showing an MCS and/or the payload-data length used for the PHY
payload (PSDU). Further, the HT-STF includes a training symbol provided, so as to increase AGC (automatic-gain
control) in a MIMO system. Further, the HT-LTF includes a training symbol provided, so as to perform channel estimation
for every input signal subjected to spatial modulation (mapping) on the reception-device side.

[0012] Further, when the MIMO communication is performed by using at least two transfer branches, on the reception-
device side, a channel matrix needs to be acquired by performing channel estimation for every transmission-and-
reception antenna performing spatial separation for a reception signal. Therefore, on the transmission-device side, the
HT-LTF is transmitted in a time-division manner from each of transmission antennas. Subsequently, at least one HT-
LTF field is added according to the spatial-stream number.

[0013] The legacy preamble provided in the MM packet is generated in a format which is entirely the same as that of
the preamble of the legacy packet and transferred in a transfer method so that the legacy terminal can decode the legacy
preamble. On the other hand, the HT-format portion that comes after the HT preamble is transferred in a transfer method
that is not supported by the legacy terminal. The legacy terminal decodes the L-SIG included in the legacy preamble of
the MM packet and reads information showing that the MM packet is not addressed to itself, data-length information,
and so forth, and sets an NAV (Network Allocation Vector) of an appropriate length, that is, a transmission-wait-time
period, so as to avoid a collision. As a result, the MM packet can achieve compatibility with the legacy terminal. However,
since the MM packet has the legacy-preamble portion, the format of the MM packet becomes redundant and the MM
packet becomes disadvantageous in terms of a throughput.

[0014] Further, a packet shown in Fig. 14 (hereinafter referred to as a "GF packet") includes the HT-format portion
only. The preamble of the GF packet includes an L-STF field provided, so as to find a packet, an HT-LTF field provided,
so as to perform the channel estimation, an HT-SIG field wherein information necessary to interpret the HT format is
written, and a 2nd HT-LTF field. When the MIMO communication is performed, a channel matrix needs to be acquired
by performing the channel estimation for every spatial stream. Therefore, the HT-LTFs corresponding to the transmission-
antenna number are transmitted in the time-division manner in the 2nd HT-LTF field (same as above). Although the GF
packet is not compatible with the legacy terminal at all, the GF packet does not include the legacy preamble. Therefore,
the GF packet can achieve a throughput higher than that of the MM packet.

[0015] Although support for the Mixed Mode (MM) is absolutely necessary for the currently used IEEE802.11n (EWC),
support for the Green Field (GF) is optional. In such cases, it is assumed that two types of MM terminals including an
MM terminal supporting the GF and an MM terminal that does not support the GF would be manufactured, as an MM
terminal supporting the MM. Hereinafter, processing performed by the MM terminal that does not support the GF, so as
to receive the above-described GF packet, will be considered.

[0016] First, since the first L-STF of the MM packet is the same as that of the GF packet, the MM terminal can receive
the first L-STF without any problem. However, as for subsequent fields, the L-LTF is received, in the case where the
MM packet is used. However, the HT-LTF is received in the case where the GF packet is used (refer to Fig. 13 and Fig.
14). The L-LTF is the same as an LTF symbol used for [IEEE802.11a. LTF OFDM symbols used at the 20-MHz-operation
time and the 40-MHz-operation time are shown by the following expressions (1) and (2), respectively.

[0017]

[Expression 1]
Lgx= {11-1-111-11-111,1111-1-111-11,-111110, 0
1-1-111-11-11-1-1-1,-1,-1,11,-1,-11,-1,1,~-1,1,1,1, T

[0018]
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[Expressicn 2]

Las = (14-1-111-11-1111111-1-111-11-111110,

1,-1,-111,-1,1,-1,1,-1,-1-1,-1,-1,11,-1-11,-11-11111000,0,0 @
0,000,00,11-1-111-11-1111111-1-111-11-111110,

1,-1,-1,11,-14,-41-1,-1 -1 -1, -4 4,1, -1, =11, 71,1,4,1,1,1,1}

[0019] Further, HT-LTF sequences used at the 20-MHz-operation time and the 40-MHz-operation time are shown by
the following expressions (3) and (4), respectively.
[0020]

[Expression 3]

1111-1-111-11-1111111-1-111-11-111110,
H'ﬂ.TFzmz[ } )

B 1,-1,-1,11,-11,-1,1,-1,-1,-1,-1,-1,1,1,-1,-1,1,-1,1,-1,1,1,1,1, -1, -1

[0021]

[Expression 4]

HTLTF e = {11-1-111,-11-1114114141,-1-111-11-11111],

1-1-111-11 -1, -1-1 -1 -1 -1,11,-1-11,-11,-111,11,-1,-1,-1,1,.0 @
00-11,L-111-1-1,11,-1,4, -1 11441, -1, -1 11, -1,1, -1, 1,1, 11,1,

1-1-111-11-11-1,-1-1,-1-111,-1,-11,-11-11,111}

[0022] If the MM terminal can recognize the difference between the L-LTF and the HT-LTF, the MM terminal can
determine that the GF packet is received at that time. Then, the MM terminal does not perform unnecessary decoding
processing in fields that comes after the determination so that the power consumed by reception processing is reduced.
However, the L-LTF and/or the HT-LTF does not include mechanisms used for parity check, a CRC, and so forth, and
the difference between the sequences is very little. Therefore, the difference between the L-LTF and the HT-LTF cannot
be recognized by performing ordinary reception processing.

[0023] After that, when the MM packet is used, the L-SIG is received. However, when the GF packet is used, the HT-
SIG is received (refer to Figs. 13 and 14). Fig. 15 shows the format of an L-SIG field. As shown in the drawing, the L-
SIG includes the mechanism used for the parity check (even parity for 0 to 16 bits is performed at the 17th bit in the
decreasing order). However, since only a single bit is provided, the possibility of erroneously receiving the HT-SIG
included in the GF packet, as the L-SIG, is not insignificant. Further, when the HT-SIG is confused with the L-SIG, 5 to
16 of the HT-SIG of the first symbol are read, as Length. Here, when the value read, as Length is longer than the real
packet length, the retransmission time delays, which induces inefficient communications. Further, if the MM packet is
confused with the GF packet, an unnecessary field is decoded, which wastes operation power of the device.

[Patent Document 1] Japanese Unexamined Patent Application Publication No. 2002-44051
[Non-Patent Document 1] EWC (Enhanced Wireless Consortium) PHY Specification

Disclosure of Invention

[0024] An object of the present invention is to provide a useful radio-communication device and a useful radio-com-
munication method that can perform communication operations in a communication environment generated on the basis
of specifications specifying a plurality of packet formats and that can perform effective communication operations upon
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receiving a packet format that is not supported by them.

[0025] Another object of the present invention is to provide a useful radio-communication device and a useful radio-
communication method that can perform reception operations in Mixed Mode that supports IEEE802.11n and that is
compatible with IEEE802.11a/g. However, upon receiving an unsupported Green-Field packet, the radio-communication
device and the radio-communication method can increase the communication efficiency and reduce the power con-
sumption without performing unnecessary decoding processing.

[0026] Accordingly, the present invention provides a radio-communication device performing packet-reception
processing in a communication environment where packets generated in different formats traffic. The radio-communi-
cation device includes

signal-reception means configured to receive a transfer signal transmitted from a packet-transmission source via an
antenna,

data-decoding means configured to decode a signal received by the signal-reception means,

data-processing means configured to process data decoded by the data-decoding means,

format-determination means configured to determine a packet format on the basis of the signal received by the signal-
reception means, and

control means configured to stop an operation of the data-decoding means when the data-processing means does not
support the packet format determined by the format-determination means, the operation being performed in a field that
comes after the determination is made.

[0027] In one aspect of the invention, in the communication environment, an OFDM (Orthogonal Frequency Division
Multiplexing) modulation method is used, and the number of tones of a subcarrier included in a single OFDM symbol
changes for every format in at least some packet field, and wherein the format-determination means determines the
packet format on the basis of whether or not the subcarrier is provided at an end part that had been subjected to FFT
processing performed by the signal-processing means.

[0028] In one aspect the format-determination means determines the packet format on the basis of a signal-power
value of an end part of the packet field wherein the tone number of the subcarrier included in the single OFDM symbol
changes for every format.

[0029] In one aspect the format-determination means determines the packet format on the basis of an average value
of signal-power values of end parts of a plurality of the packet fields wherein the tone number of the subcarrier included
in the single OFDM symbol changes for every format.

[0030] In one aspect the format-determination means determines the packet format on the basis of a relative value
between signal power of an end part of the packet field wherein the tone number of the subcarrier included in the single
OFDM symbol changes for every format and signal power obtained at a position adjacent thereto.

[0031] In one aspect the format-determination means determines the packet format on the basis of symbol power
obtained in the packet field wherein the tone number of the subcarrier included in the single OFDM symbol changes for
every format. In one aspect the transfer signal transmitted from the packet-transmission source is an MIMO (Multi Inout
Multi Output) signal including a plurality of multiplexed spatial streams, a predetermined time difference is set for trans-
mission time between the spatial streams, and the time difference set for the transmission time in at least some packet
field changes for every packet format, and wherein the format-determination means calculates a delay profile of the
reception signal and determines the packet format on the basis of the size of a delay amount.

[0032] In one aspect phase-modulation processing is performed for some packet field by rotating phase space by as
much as a predetermined angle with reference to the previous and subsequent packet fields, and a field subjected to
the phase-modulation processing achieved by rotating the phase space changes according to the packet format, and
wherein the format-determination means determines the packet format by locating the field subjected to the phase-
modulation processing achieved by rotating the phase space.

[0033] In one aspect a parity-check mechanism is provided in some field in the packet format supported by the data-
processing means, and wherein the format-determination means determines the packet format according to a result of
the parity check.

[0034] Inoneaspecta CRCis provided in some packet field and the field where the CRC is provided changes according
to the packet format, and wherein the format-determination means determines the packet format on the basis of a result
of error detection by using the CRC in either a field where the CRC is provided in a packet format supported by the data-
processing means or a field where the CRC is provided in a packet format that is not supported by the data-processing
means.

[0035] The present invention further provides a radio-communication method provided, so as to perform packet-
reception processing in a communication environment where packets generated in different formats traffic, the radio-
communication method comprising:

a signal-reception step provided, so as to receive a transfer signal transmitted from a packet-transmission source
via an antenna;
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a data-decoding step provided, so as to decode a signal received, at the signal-reception step;

a data-processing step provided, so as to process data decoded, at the data-decoding step;

a format-determination step provided, so as to determine a packet format on the basis of the signal received, at the
signal-reception step; and

a control step provided, so as to stop execution of the data-decoding step when the data-processing step does not
support the packet format determined, at the format-determination step, the data-decoding step being executed in
a field that comes after the determination is made. The present invention relates to a radio-communication device
configured to receive a MIMO signal in a communication system applying an OFDM-modulation method for MIMO
communications. More specifically, the radio-communication device is a MIMO-reception device supporting
IEEE802.11n and operates, as an MM terminal configured to receive both a legacy packet used for IEEE802.11a/g
and a Mixed Mode (MM) packet including the HT format used for IEEE802.11n.

[0036] For IEEE802.11n, Green Field (GF) is being studied, as an HT mode achieving a high throughput. Since the
GF packet includes the HT format alone, the GF packet can achieve a throughput higher than that of the MM packet
including the legacy preamble.

[0037] The MM packet begins with the L-STF followed by the L-LTF and the L-SIG. On the other hand, the GF packet
begins with the L-STF followed by the H-LTF and the HT-SIG. If the MM terminal that does not support the GF can
discriminate between the L-LTF and the HT-LTF, the MM terminal can determine that the GF packet is received, at that
time, so that unnecessary decode processing can be omitted in subsequent fields.

[0038] However, the L-LTF and/or the HT-LTF does not include mechanisms used for the parity check, the CRC, and
so forth, and the difference between sequences is very little, so that the difference between the L-LTF and the HT-LTF
cannot be recognized by performing ordinary reception processing. Therefore, an MM terminal that does not support
the GF packet cannot make determination soon after the GF packet is received by performing ordinary reception oper-
ations, which may cause the possibility of performing inefficient communication operations, such as decoding an un-
necessary field, causing a delay in the retransmission time by reading false information from the preamble, and so forth.
[0039] On the other hand, the radio-communication device relating to the present invention notes the difference
between the formats of the MM packet and the GF packet, and performs a reception operation which allows for determining
whether a reception packet is generated in the format of the MM packet or that of the GF packet with precision, so as
to avoid unnecessary decoding operations performed at the GF-packet reception time. Accordingly, the power con-
sumption is reduced and inefficient communications are avoided.

[0040] For example, as the difference between the format of the MM packet and that of the GF packet, the difference
between the number of tones included in an OFDM symbol used in one of the packet formats and that of tones included
in an OFDM symbol used in the other of the packet formats can be noted, so that it becomes possible to determine
whether the reception packet is generated in a packet format used in Mixed Mode or that used in Green Field.

[0041] More specifically, each of fields including the L-LTF, the L-SIG, and the HT-SIG corresponding to the first to
fifth OFDM symbols of the MM packet includes 52 tones. On the other hand, each of fields including the HT-LTF, the
HT-SIG, and the 2nd HT-LTF corresponding to the first to fifth OFDM symbols of the GF packet includes 56 tones.
Therefore, in the first to fifth OFDM symbols of the reception packet, it is verified whether or not a signal exists in an
FFT output at =27 and 28 shown in a subcarrier index, so that the format of the reception packet can be determined.
[0042] As a method of determining whether or not a signal is included at the positions corresponding to +27 and 28
shown in the subcarrier index, an absolute determination method of comparing the power values of subcarriers of the
OFDM symbol at its both ends to a predetermined threshold value, a relative-determination method of making determi-
nation by comparing power of the subcarrier with that of an adjacent subcarrier (that is, the carrier corresponding to a
number equivalent to or smaller than = 26 shown in the subcarrier index), and so forth can be considered.

[0043] Further, the above-described determination can be made not only by considering the first OFDM symbol, but
by calculating the average of results of measuring the power of subcarriers at both ends of the first to third OFDM
symbols in the same manner. Subsequently, the above-described determination can be made with precision without
being affected by noise problems. Otherwise, a small symbol-power difference is detected so that the format of a reception
packet can be determined on the basis of the detection result.

[0044] Further, the legacy preamble and Cyclic Shift in the HT format of the MM packet differ from those of the GF
packet. The above-described difference can be considered, as another difference between the format of the MM packet
and that of the GF packet.

[0045] When the MIMO communications are performed, an intended beam is generated while signals that are the
same as each other and/or similar to each other are transferred through different spatial streams. However, the trans-
mission device sets a time difference between the transmission time corresponding to one spatial stream and that
corresponding to the other spatial stream, and transmits data, whereby the above-described problem is solved. Adding
a time-difference signal to a spatial stream is referred to as "Cyclic Shift" and/or "Cyclic Delay Diversity (CDD). An
appropriate time difference set for the transmission time changes according to the number of spatial streams. Further,
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according to IEEE802.11n, a time difference set to the HT-format portion is larger than that set to the legacy-format
portion even though the same number of spatial streams is used. Therefore, when the delay profile of the reception
signal is calculated and the delay amount is large, it can be determined that the HT format is used.

[0046] Referring to the difference between the symbol-tone number of the L-LTF field and that of the HT-LTF field,
and the difference between the time difference of the transmission time corresponding to one spatial stream and that
corresponding to the other spatial stream, as described above, it becomes possible to determine the packet format by
studying the part starting backward from the third symbol of the reception packet (the part starting backward from the
L-SIG when the MM packet is used). In that case, if it is determined that the GF packet is used, decoding processing
can be stopped in all of the fields from the L-SIG on down, which is highly effective at saving power.

[0047] Of course, the difference between the format of the MM packet and that of the GF packet can be used, the
difference being caused in the field started forward from the L-SIG. For example, the difference between the symbol
position where the HT-SIG appears in the preamble of the MM packet and that where the HT-SIG appears in the preamble
of the GF packet can be used.

[0048] In the HT-SIG field, the BPSK modulation is performed in the phase space rotated by as much as 90 degrees
with reference to the L-SIG field. Therefore, it becomes possible to determine which of the MM-packet format and the
GF-packet format is used by verifying the position of an OFDM symbol subjected to the phase rotation and the BPSK
modulation. For example, an absolute phase value of an OFDM symbol provided at the reception position corresponding
to the HT-SIG field in the MM packet is measured, or a relative phase difference between the OFDM symbol and an
adjacent symbol that is not subjected to the phase rotation is measured so that it becomes possible to determine whether
or not the symbol is the HT-SIG.

[0049] Further, it becomes possible to determine whether or not the reception packet is generated in the MM-packet
format according to whether or not parity check performed in the L-SIG field included in the legacy part of the MM packet
is successful. Further, CRC check is performed by using data obtained by decoding the OFDM symbol corresponding
to the HT-SIG field in the MM packet. The accuracy of the format determination can be increased by using results of
the above-described processing in combination.

[0050] According to the present invention, a useful radio-communication device and a useful radio-communication
method that can perform communication operations in a communication environment generated on the basis of speci-
fications specifying a plurality of packet formats and that can perform effective communication operations upon receiving
a packet format that is not supported by them can be provided.

[0051] Further, according to the present invention, a useful radio-communication device and a useful radio-commu-
nication method that can perform reception operations in Mixed Mode that supports IEEE802.11n and that is compatible
with IEEE802.11a/g can be provided. However, upon receiving an unsupported Green-Field packet, the radio-commu-
nication device and the radio-communication method can increase the communication efficiency and reduce the power
consumption without performing unnecessary decoding processing.

[0052] When the radio-communication device according to the present invention receives the Green-Field packet,
even tough the radio-communication device does not support Green Field, the radio-communication device does not
receive an unnecessary field over a long time period so that a waste of the device power can be avoided.

[0053] Further, the radio-communication device according to the present invention can avoid communication ineffi-
ciency caused by accidental reception of the HT-SIG of a Green-Field packet without packet fail and a delay in the
retransmission time, the delay being caused by setting a meaninglessly long NAV.

[0054] Further, by using the present invention, the radio-communication device supporting Green Field can determine
whether the reception packet is the MM packet or the GF packet.

[0055] Further objects, characteristics, and advantages of the present invention will be disclosed through a more
detailed description provided on the basis of the following embodiments of the present invention and/or the attached
drawings.

Brief Description of the Drawings

[0056]

Fig. 1 shows the configuration of a digital-processing part of a MIMO-reception device according to an embodiment
of the present invention.

Fig. 2 shows the format of a legacy packet used in the case where IEEE802.11n is used.

Fig. 3 shows the format of a Mixed-Mode packet used in the case where IEEE802.11n is used.

Fig. 4 shows the format of a Green-Field packet used in the case where IEEE802.11n is used.

Fig. 5 shows the state where a correlation appears somewhere beyond the reference when a cross-correlation is
calculated by using an L-LTF to which no time-difference signal obtained by Cyclic Shift is added.

Fig. 6 shows the state where the correlation bulges forward of the reference when the cross-correlation is calculated
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by using the L-LTF to which the time-difference signal obtained by Cyclic Shift is added.

Fig. 7 is a flowchart showing the steps of communication operations performed by a radio-communication device
when a packet format is determined before an L-SIG appears on the basis of the difference between an L-LTF field
and an HT-LTF field.

Fig. 8 shows the data configuration of an HT-SIG field.

Fig. 9 shows a mechanism to perform BPSK modulation for the HT-SIG field in phase space rotated by as much
as 90 degrees with reference to an L-SIG field.

Fig. 10 shows a method of calculating CRC in an HT-SIG.

Fig. 11 is a flowchart showing the steps of communication operations performed in fields from the L-SIG on down
by the radio-communication device on the basis of the difference between the positions where the HT-SIGs appear.
Fig. 12 shows a packet format used in legacy mode specified by IEEE802.11n.

Fig. 13 shows a packet format used in Mixed Mode specified by IEEE802.11n.

Fig. 14 shows a packet format used in Green Field specified by IEEE802.11n.

Fig. 15 shows the data configuration of the L-SIG field.

Reference Numerals

[0057]

1, 11: buffer

2, 12: frequency-offset-correction unit
3, 13: fast Fourier transformer (FFT)
5, 15: modulation unit

6, 16: guard-removal unit

20: adder

21: timing-detection unit

22: frequency-error-estimation unit
23: MIMO-channel-synthesis unit

24: channel-matrix-generation unit
25: residual-frequency-offset-estimation unit
26: decoding unit

30: controller

Best Modes for Carrying Out the Invention

[0058] Hereinafter, embodiments of the present invention will be described in detail with reference to the attached
drawings.

[0059] The presentinvention relates to a radio-communication device configured to receive a MIMO signal, the radio-
communication device being used in a communication system performing MIMO communications for which the OFDM-
modulation method is used. A MIMO-reception device supporting IEEE802.11n is provided, as an example of the above-
described radio-communication device. For IEEE802.11n, an operation mode "Mixed Mode (MM)" compatible with
IEEE802.11a/g is being studied, as an HT mode achieving a high throughput. Further, an operation mode "Green Field
(GF)" which is not compatible with a legacy terminal at all is being studied, as the HT mode.

[0060] Fig. 1 shows the configuration of a digital-processing part of a MIMO-reception device according to an embod-
iment of the present invention. The shown reception device includes two reception antennas (not shown) and receives
aMIMO signal including two spatial streams. In the following description, itis assumed that the above-described reception
device does not support a GF packet shown in Fig. 14 even though the above-described reception device supports an
MM packet shown in Fig. 13.

[0061] From an RF-processing unit which is not shown, two digital-baseband signals A and B are input, where the
two digital-baseband signals A and B are obtained by performing RF processing for a reception signal of each of the
reception antennas. On the shown digital-processing part’s side, the above-described digital-baseband signals are
MIMO-synthesized and separated into two independent spatial streams. Each of the streams is demodulated, and
subjected to deinterleave, depuncturing, and channel decoding. After that, an original bit matrix is output.

[0062] When an L-STF is received and a packet is found, a timing-detection unit (Timing Detector) 21 calculates
synchronization timing on the basis of autocorrelation of a reception signal in the L-STF, and cross-correlation between
a reception signal in an L-LTF and a known training sequence of the reception device. The digital-baseband signal can
be cut from each of buffers 1 and 11 for every OFDM symbol according to the synchronization timing.

[0063] At the same time, in frequency-offset-correction units (Osc) 2 and 12, frequency correction is performed for
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each of the digital-baseband signals A and B on the basis of a frequency-error-estimation value transmitted from a
frequency-error-estimation unit (Frequency Estimator) 22.

[0064] After that, each of the digital-baseband signals A and B is separated into a preamble and a data portion. After
a guard interval is removed from each of the digital-baseband signals A and B in guard-removal units (Guard removers)
6 and 16, the digital-baseband signals A and B are transmitted to fast Fourier transformers (FFT) 3 and 13, respectively.
The FFTs 3 and 13 split the digital-baseband signals A and B in a time area into subcarriers in a frequency area.
[0065] A channel-matrix-generation unit (Matrix Generator) 24 generates a channel matrix H for every subcarrier on
the basis of an FFT output of an HT-LTF that is transmitted from each of reception antennas (not shown) of a transmission
device in a time-division manner. In a MIMO-channel-synthesis unit (MIMO Channel Synthesis) 23, an FFT output of
the data unit of a packet is synthesized for each subcarrier by using the above-described channel matrix H. Then, the
FFT output is separated into spatial streams.

[0066] More specifically, MIMO-channel synthesis is performed by calculating a reception-weight matrix W on the
basis of the channel matrix H and multiplying a reception signal that had been subjected to the FFT by the reception-
weight matrix X. Zero Force (nullifying principle), an MMSE (Minimum Mean Square Error), SVD (Singular Value De-
composition)-MIMO, and so forth can be provided, for example, as algorithms for calculating the reception-weight matrix
W on the basis of the channel matrix H. However, the algorithms are not limited to the above-described examples.
[0067] MIMO-synthesized stream signals are transmitted to equalization-and-phase-tracking unit (Equalize & Phase-
Timing Track) 4 and 14, respectively, and subjected to correction processing including residual-frequency offset and
phase tracking. Then, in demodulation units (Demapper) 5 and 15, the stream signals are demodulated from modulation
points to original values on phase space (constallation), and decoded to original data sequences by a decoding unit
(Decoder) 26.

[0068] As described in [Background Art], for IEEE802.11n, Green Field other than Mixed Mode that guarantees
compatibility with IEEE802.11a/g is studied, as the HT mode provided, so as to perform high-speed data transfer.
Although Mixed Mode is absolutely necessary, Green Field is optional. Therefore, it is assumed that an MM terminal
which only supports the former operation mode receives a GF packet.

[0069] Although the MM packet begins with an L-STF followed by an L-LTF and L-SIG, the GF packet begins with
the L-STF followed by an H-LTF and an HT-SIG. If the MM terminal incapable of supporting the GF can discriminate
between the L-LTF and the HT-LTF, the MM terminal can determine that the GF packet is received so that unnecessary
decode processing is omitted in subsequent fields. However, the L-LTF and/or the HT-LTF does not include mechanisms
provided, so as to perform parity check, CRC, and so forth, and there are little differences between the sequences.
Therefore, it is difficult for the MM terminal to discriminate between the L-LTF and the HT-LTF by performing ordinary
reception processing. If the MM terminal is incapable of recognizing the difference between the L-LTF and the HT-LTF,
the MM terminal may recognize the HT-SIG, as the L-SIG, which results in inefficient communications caused by a NAV
that is set over an inappropriate time period, for example.

[0070] Therefore, the radio-communication device according to the above-described embodiment can perform a re-
ception operation which allows for determining the format of a reception packet with precision on the basis of the
difference between the formats of the MM packet and the GF packet.

[0071] For example, the difference between the number of tones included in OFDM symbols of fields of the MM packet
and that of tones included in OFDM symbols of fields of the GF packet can be noted, as the difference between the
format of the MM packet and that of the GF packet. In IEEE802.11n EWC PHY Specification, the number of tones of
an OFDM symbol included in each of fields of the legacy part and the HT part of a packet is specified, as shown in the
following tables (refer to Non-Patent Document 1).

[Table 1]
Field

20 MHz | 40 MHz
L-STF 12 24
L-LTF 52 104
L-SIG 52 104
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[Table 2]
Field

20 MHz | 40 MHz

HT-SIG 52/56" | 104/114*
HT-STF 12 24
HT-LTF 56 114
HT-Data 56 114
HT-Data- 40 MHz - 104

Dup. Format

[0072] In Table 2, the number of tones included in the HT-SIG of the MM packet is 52 and/or 104, and that of the GF
packet is 56 and/or 104.

[0073] The outlines of the formats of the legacy packet, the MM packet, and the GF packet that are specified by
IEEE802.11n had already been described with reference to Figs. 12 to 14. Figs. 2 to 4 also illustrate the above-described
packet formats in consideration of the number of tones included in each of the fields.

[0074] Comparing Fig. 3 with Fig. 4, when the MM packet is received, the first to fith OFDM symbols of the L-LTF,
the L-SIG, and the HT-SIG include 52 tones. However, when the GF packet is received, the first to fifth OFDM symbols
of the HT-LTF, the HT-SIG, and the 2nd HT-LTF include 56 tones. That is to say, when comparing the GF packet with
the MM packet in terms of the frequency area, each of the first to fifth OFDM symbols of the GF packet is added with
two subcarriers at both ends, when compared to the corresponding fields of the MM packet.

[0075] Therefore, a controller 30 determines whether or not a signal is included in an output transmitted from each of
the FFTs 3 and 13, at £27 and 28 shown in the subcarrier index. If the signal is included in each of the above-described
subcarrier indexes, it can be estimated that the received packet is the GF packet. Otherwise, it can be estimated that
the received packet is the MM packet.

[0076] As a method of determining whether or not a signal is included at the positions corresponding to +27 and 28
shown in the subcarrier index, an absolute determination method of comparing the power values of subcarriers provided
at both ends of the OFDM symbol to a predetermined threshold value, a relative-determination method of making
determination by comparing power of the subcarrier with that of adjacent subcarriers (that is, several subcarriers existing
in the - 26-to +26 range shown in the subcarrier index), and so forth can be considered.

[0077] The above-described determination can be made not only by considering the first OFDM symbol, but by cal-
culating the average of results of measuring the power of subcarriers at both ends of the first to third OFDM symbols in
the same manner. Subsequently, the above-described determination can be made with precision without being affected
by noise problems.

[0078] Further, it becomes possible to detect a small difference between the symbol power generated in the case
where 52 tones (or 104 tones) are used and that generated in the case where 56 tones (or 114 tones) are used, and
determine the format of the reception packet on the basis of the detection result.

[0079] Further, there is a difference between the legacy preamble and Cyclic Shift in the HT format of the MM packet
and those of the GF packet. The above-described difference can be considered, as another difference between the
format of the MM packet and that of the GF packet.

[0080] When the MIMO communications are performed, an intended beam is generated while signals that are the
same as each other and/or similar to each other are transferred through different spatial streams. Therefore, for
IEEE802.11n, a method of setting a time difference between the transmission time corresponding to one spatial stream
and that corresponding to the other spatial stream is studied, where the time difference is set by the transmission device
(refer to Non-Patent Document 1, for example). (Adding a time-difference signal to a spatial stream is referred to as
"Cyclic Shift" and/or "Cyclic Delay Diversity (CDD)".

[0081] An appropriate time difference set between the above-descried transmission time and the other transmission
time changes according to the number of spatial streams. Further, IEEE802.11n independently specifies the time-
difference value according to the spatial-stream number for each of the legacy-format portion and the HT-format portion
of the MM packet, even though the same number of spatial stream is used. A time-difference value achieved through
the Cyclic Shift performed in the legacy-format portion is shown in Table 3 and that achieved through the Cyclic Shift
performed in the HT-format portion is shown in Table 4, respectively. Comparing the above-described tables with each
other, for example, even though each of the spatial-stream numbers is two, a time difference of -200 nanoseconds is
given for the legacy-format portion and a time difference of -400 nanoseconds is given for the HT-format portion. That
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is to say, the time difference given for the HT-format portion is larger than that given for the HT-format portion.

[Table 3]
TéTSx values for the legacy portion of the packet
Number of Tx cyclic shift for Tx cyclic shift for Tx cyclic shift for Tx cyclic shift for Tx
Chains chain 1 chain 2 chain 3 chain 4
1 Ons - - -
2 Ons -200ns - -
3 Ons -100ns -200ns -
4 Ons -50ns -100ns -150ns
[Table 4]
Tég'b values for HT portion of the packet
Number of spatial Cyclic shift for Cyclic shift for spatial | Cyclic shift for spatial Cyclic shift for spatial
Spatial stream stream stream stream
streams 1 2 3 4
1 Ons - - -
2 Ons -400ns - -
3 Ons -400ns -200ns -
4 Ons -400ns -200ns -600ns

[0082] Usually, on the reception-device side, the cross-correlation between an L-LTF-reception signal and a known
training symbol is calculated, with reference to the peak of an autocorrelation of an L-STF portion included in a transmitted
legacy preamble. Then, synchronization is achieved on the basis of the position where the peak appears. When the
time-difference signal is not added, the correlation appears somewhere beyond the reference (refer to Fig. 5). However,
when a time-difference signal corresponding to the transmission time shifted forward is added, the correlation bulges
forward of the reference (refer to Fig. 6). Further, as the time difference increases, the bulge-in-forward shown in the
delay profile increases. Therefore, when the delay amount is large, the controller 30 can determine that the HT format
is used.

[0083] Comparing the packet format shown in Fig. 3 with that shown in Fig. 4, the first OFDM symbol of the MM packet
is the L-LTF, that is, the legacy format. However, the first OFDM symbol of the GF packet is the HT-LTF, that is, the HT
format. Therefore, it becomes possible to determine the packet format on the basis of the size of the delay amount with
reference to a delay profile generated by a timing-detection unit 21, so as to perform timing acquisition. When it is
determined that the GF packet is used, the controller 30 stops performing data-decoding processing in subsequent fields
so that the waste of power decreases.

[0084] Referring to the difference between the symbol-tone number of the L-LTF field and that of the HT-LTF field,
and the difference between the transmission-time difference corresponding to one spatial stream and that corresponding
to the other spatial stream that have been described above, it becomes possible to determine the packet format at the
part starting backward from the third symbol of the reception packet (the part starting backward from the L-SIG when
the MM packet is used). When it is determined that the GF packet is used, at that time, decoding processing can be
stopped in all of the fields from the L-SIG on down, which is highly effective at saving power. Fig. 7 shows the steps of
communication operations performed by the radio-communication device in that case in the form of a flowchart.
[0085] Whentheradio-communication device finds a packet by receiving the L-STF field while the radio-communication
device waits for the data reception (step S1), the radio-communication device determines the format of the reception
packet on the basis of the difference between the tone numbers of the OFDM symbols that are received subsequently,
or the difference between the transmission-time difference corresponding to one spatial stream and that corresponding
to the other spatial stream (step S2).

[0086] Ifitis determined that the GF packet is used (Yes at step S2), at that time, the decoding processing performed
in subsequent fields is stopped, so as to reduce the consumption power.
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[0087] If it is determined that the reception packet is not the GF packet, the L-SIG field following the L-LTF field is
received and decoded (step S3), and parity check is performed (step S4). If a parity error occurs, at that time, the
decoding processing performed in subsequent fields is stopped.

[0088] Subsequently, the radio-communication device reads the transfer rate written in a Rate field of the L-SIG, and
checks if the read transfer rate is a rate supported by it (step S5).

[0089] Ifitis determined that the rate corresponding to the reception packet is not supported by the reception device
(No at step S5), the remaining time until the transmission of the data portion of the packet is finished is calculated (step
S11), and the radio-communication device stops operating and waits until the above-described time elapses (step S12).
[0090] Further, when the reception packet is transmitted at the supported rate (Yes at step S5), the fourth OFDM
symbol is received and it is determined whether or not the reception packet is an MM packet supporting IEEE802.11n
(step S6). If the reception packet is the MM packet, the HT-SIG field including the fourth and fifth OFDM symbols is
subjected to BPSK modulation in phase space rotated by as much as 90 degrees with reference to the L-SIG field
(described later). Therefore, it becomes possible to determine whether the reception packet is the legacy packet or the
MM packet.

[0091] Ifitis determined that the reception packet is the legacy packet (No at step S6), the reception of data symbols
following and starting from the L-SIG is performed in repetition (step S13) until the processing reaches the last of the
packet (step S14).

[0092] Further, if it is determined that the reception packet is the MM packet (Yes at step S6), the OFDM symbol
following the L-SIG is determined to be the HT-SIG and subjected to the decoding processing (step S7). Then, training
of AGC (not shown in Fig. 1) is performed by using the HT-STF field and training of a channel matrix H is performed in
the 2nd HT-LTF (step S8).

[0093] Then, the reception of the data symbols following and starting from the HT-LTF is performed in repetition (step
S9) until the processing reaches the last of the packet (step S10). The data symbol includes the MIMO signal. The
reception-weight matrix X calculated on the basis of the channel matrix H is multiplied by a reception signal. Subsequently,
the data symbol can be separated into the original spatial-stream signals without any crosstalk.

[0094] Heretofore, the method of using the difference between the format of the MM packet and that of the GF packet
has been described, the difference being generated in the field started backward from the L-SIG. Of course, the difference
between the format of the MM packet and that of the GF packet can be used, the difference being generated in the field
started forward from the L-SIG. For example, the difference between the symbol position where the HT-SIG appears in
the preamble of the MM packet and that where the HT-SIG appears in the preamble of the GF packet can be used.
[0095] Fig. 8 shows the data configuration of the HT-SIG field. As shown in the drawing, the HT-SIG includes two
OFDM symbols, and information required, so as to interpret the HT format including the MCS used for the PHY payload
(PSDU), the data length of the payload, and so forth, is written in the HT-SIG (refer to Non-Patent Document 1 (Appendix.
A)).

[0096] Irrespective of whether the MM packet or the GF packet is used, the details of the information written in the
HT-SIG field are one and the same. Further, irrespective of whether the MM packet or the GF packet is used, the
preamble portion including the HT-SIG field is arranged so that the BPSK modulation with an encoding rate of 1/2 is
used for both the legacy preamble and an HT preamble. The above-described low data rate is used, so as to perform
processing and/or information notification necessary for performing the packet reception with stability.

[0097] Further, in the HT-SIG field, the BPSK modulation is performed in the phase space rotated by as much as 90
degrees with reference to the L-SIG field (or the previous field and/or the subsequent field) (refer to Non-Patent Document
1 and Fig. 9). The above-described rotation of the phase space is specified, so as to discriminate between the legacy
packet and the MM packet. Since the legacy-packet-determination method itself does not relate to the substance of the
present invention, the description thereof will not be provided.

[0098] The essence of the above-described embodiment is that the position of the OFDM symbol of the MM packet,
the OFDM symbol being obtained by performing the phase rotation and the BPSK modulation, is different from that of
the OFDM symbol of the GF packet, the OFDM symbol being obtained by performing the phase rotation and the BPSK
modulation. When comparing Fig. 3 with Fig. 4 again, where the MM packet is used, the BPSK modulation with the
phase rotation of 90 degrees is performed for the fourth to fifth OFDM symbols corresponding to the HT-SIG. However,
where the GF packet is used, the BPSK modulation with the phase rotation of 90 degrees is performed for the third to
fourth OFDM symbols corresponding to the HT-SIG. Therefore, the controller 30 can determine the format of a reception
packet by using any of the following methods by referring to the result of decoding performed by the decoding unit 26.

(1) From the absolute phase space of the third OF DM symbol of the reception packet, the packet format is determined.
If the phase space is rotated by as much as 90 degrees, the HT-SIG is used. If the third OFDM symbol is the HT-
SIG, it can be determined that the GF packet is used. However, phase correction needs to be performed in advance,
so as to determine the absolute phase space.

(2) From the absolute phase space of the fifth OFDM symbol of the reception packet, the packet format is determined.
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If the phase space is rotated by as much as 90 degrees, the HT-SIG is used. If the fifth OFDM symbol is the HT-
SIG, it can be determined that the MM packet is used. However, the phase correction needs to be performed in
advance, so as to determine the absolute phase space.

(3) The packet format is determined on the basis of the relative phase difference between the second and third
OFDM symbols of the reception packet. If the MM packet is used, as shown in Fig. 3, the second symbol is the L-
LTF field and the third symbol is the L-SIG field, which means that there is no phase-space difference. On the other
hand, when the GF packet is used, the third field is the HT-SIG field even though the second field is the HT-LTF
field. Therefore, the phase space thereof is rotated by as much as 90 degrees, as shown in Fig. 9, so that there is
the relative phase difference between the above-described symbols. Therefore, when the relative phase difference
is detected between the second and third OFDM symbols of the reception packet, it can be determined that the GF
packet is used. Here, when detecting the relative phase difference, the phase-correction processing does not need
to be performed in advance (ditto in the following description).

(4) The packet format is determined on the basis of the relative phase difference between the third and fourth OFDM
symbols of the reception packet. If the MM packet is used, as shown in Fig. 3, the fourth symbol is the HT-SIG field
even though the third field is the L-SIG field. Therefore, the phase space thereof is rotated by as much as 90 degrees,
as shown in Fig. 9, so that there is a relative phase difference between the above-described symbols. On the other
hand, when the GF packet is used, both the third and fourth symbols correspond to the HT--SIG field, which means
that there is no phase-space difference. Therefore, when a relative phase difference is detected between the third
and fourth OFDM symbols of the reception packet, it can be determined that the MM packet is used.

(5) The packet format is determined on the basis of the relative phase difference between the fourth and fifth OFDM
symbols of the reception packet. If the MM packet is used, as shown in Fig. 3, both the third and fourth symbols
correspond to the HT--SIG field, which means that there is no phase-space difference. On the other hand, when
the GF packet is used, the fourth field is the HT-SIG field, but the fifth field is the HT-LTF field. Therefore, the phase
space thereof is rotated by as much as 90 degrees, as shown in Fig. 9, so that there is a relative phase difference
between the above-described symbols. Therefore, when the relative phase difference between the fourth and fifth
OFDM symbols of the reception packet is detected, it can be determined that the GF packet is used.

[0099] Further, the presence or absence of a parity bit can be noted, as another difference between the format of the
MM packet and that of the GF packet in the fields from the L-SIG on down.

[0100] When the MM packet is used, the L-SIG field received, as the third OFDM symbol, is provided with a parity bit,
and the transfer rate and/or the data length. Fig. 15 shows the data configuration of the L-SIG field. According to the
above-described drawing, the parity-check mechanism is provided for the seventeenth bit in the decreasing order and
even parity for zero to sixteen bits is performed.

[0101] On the contrary, when the GF packet is used, the third OFDM symbol corresponds to the first-half H-SIG field
(H-SIG1) and the position of the seventeenth bit thereof corresponds to part of a data-length field of a PSDU (PHY
Service Data Unit) and does not correspond to the parity bit.

[0102] Therefore, the controller 30 refers to a result of decoding the third OFDM symbol, the decoding being performed
by the decoding unit 26, and performs parity check on the premise that the L-SIG is used. When an error occurs, the
controller 30 can estimate that the MM packet is not used, but the GF packet is used.

[0103] However, since the parity is only one bit, no parity error may occur by accident even though the GF packet is
used. As an alternate plan for that, a method of performing error detection by using a CRC (Cyclic Redundancy Code)
included in the HT-SIG field can be provided. Otherwise, a method of performing parity check for the L-SIG included in
the MM packet and performing CRC check for the HT-SIG in combination can be considered.

[0104] As shown in Fig. 8, the HT-SIG includes the first-half HT-SIG1 and the latter-half HT-SIG2. The 0 to 23 bits of
the HT-SIG1 and the 0 to 9 bits of the HT-SIG2 are subjected to CRC protection by using a CRC field of 7 bits including
the tenth to seventeenth bits of the HT-SIG2. For reference, a calculation method provided, so as to detect a CRC error
occurring in the HT-SIG, is shown in the following expression and Fig. 10.

[0105]

[Expression 5]

cre(D)=M(D)D? modulo G(D) -+ (5)

[0106] When the MM packet is used, the fourth to fifth OFDM symbols of the reception packet correspond to the HT-
SIG field, as shown in Fig. 3. Therefore, the controller 30 can determine the format of the reception packet by referring
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to the result of decoding the corresponding field, the decoding being performed by the decoding unit 26, and detecting
an error caused by the CRC.

[0107] If the radio-communication device is a Mixed-Mode terminal which does not support Green Field, the packet-
format determination performed for every packet format on the basis of the position where the HT-SIG appears is
achieved only by using the result of CRC-error detection performed in the field corresponding to the CRC of the HT-SIG
included in the MM packet. On the other hand, if the radio-communication device is a terminal supporting Green Field,
the packet-format determination can be made on the basis of a result of the CRC-error detection performed in the CRC
field of the HT-SIG included in the GF packet.

[0108] Fig. 11 shows the steps of communication operations performed by the radio-communication device in the
form of a flowchart, where the packet-format determination is made in fields from the L-SIG on down on the basis of the
difference between the positions where the HT-SIGs appear. In that case, the radio-communication device performs
reception processing based on the premise that the reception packet is generated in the MM-packet format.

[0109] Whentheradio-communication device finds a packet by receiving the L-STF field while the radio-communication
device waits for the data reception (step S21), the radio-communication device tries to receive and decode the subsequent
L-SIG field (step S22).

[0110] Then, the parity check is performed on the basis of the position of the seventeenth bit of the third OFDM symbol
corresponding to the L-SIG field (step S23).

[0111] Here, if a parity error occurs (No at step S23), it is estimated that the reception packet is not the MM packet,
but the GF packet. In that case, decoding processing performed in subsequent fields is stopped, so as to reduce the
power consumption.

[0112] On the other hand, if no parity error occurs (Yes at step S23), checking is performed for at least one of (1) the
absolute phase space of the third OFDM symbol, (2) the absolute phase space of the fifth OFDM symbol of the reception
packet, (3) the relative phase difference between the second and third OFDM symbols of the reception packet, (4) the
relative phase difference between the third and fourth OFDM symbols of the reception packet, and (5) the relative phase
difference between the fourth and fifth OFDM symbols of the reception packet, so as to check whether or not the reception
packet is the GF packet (step S24). Here, if it is estimated that the reception packet is not the MM packet, but the GF
packet, decoding processing performed in subsequent fields is stopped, so as to reduce the power consumption.
[0113] On the other hand, the radio-communication device estimates that the reception packet is the MM packet
and/or the legacy packet. Then, the radio-communication device reads the transfer rate written in a Rate field of the L-
SIG and checks whether or not the transfer rate is a rate supported by it (step S25).

[0114] Here, if the radio-communication device determines that the reception packet is transferred at a rate that is
not supported by the reception device (No at step S25), the radio-communication device calculates the remaining time
until after the transmission of data portion of the packet is finished (step S31), and stops performing operations and
waits until the above-described time elapses (step S32).

[0115] Further, when the reception packet is transmitted at the supported rate (Yes at step S25), the radio-commu-
nication device receives the fourth OFDM symbol and determines whether or not the reception packet is the MM packet
supporting IEEE802.11n (step S26). If the reception packet is the MM packet, the BPSK modulation is performed in
phase space rotated by as much as 90 degrees with reference to the L-SIG field for the HT-SIG field including the fourth
and fifth OFDM symbols (as described above). Therefore, it becomes possible to determine whether the reception packet
is the legacy packet or the MM packet.

[0116] Ifitis determined that the reception packet is the legacy packet (No at step S26), the reception of data symbols
following and starting from the L-SIG is performed in repetition (step S33) until the processing reaches the last of the
packet (step S34).

[0117] Further, if it is determined that the reception packet is the MM packet (Yes at step S26), the OFDM symbol
following the L-SIG is determined to be the HT-SIG and subjected to decoding processing (step S27). Then, training of
AGC (not shown in Fig. 1) is performed by using the HT-STF field and training of the channel matrix H is performed in
the 2nd HT-LTF (step S28).

[0118] Then, the reception of the data symbols following and starting from the HT-LTF is performed in repetition (step
S29) until the processing reaches the last of the packet (step S30). The data symbol includes the MIMO signal. The
reception-weight matrix W calculated on the basis of the channel matrix H is multiplied by areception signal. Subsequently,
the data symbol can be separated into the original spatial-stream signals without causing any crosstalk.

Industrial Applicability

[0119] Thus, the present invention has been described in detail with reference to specified embodiments. However,
it is obvious that any person skilled in the art can modify and/or substitute the embodiments within the spirit and scope
of the present invention.

[0120] In this specification, the present invention has been described with an emphasis on the embodiments wherein
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EP 2 317 668 A2

the present invention is used for the communication system supporting IEEE802.11n. However, the essence of the
present invention is not limited to the above-described description. The present invention can also be used for a different
communication system configured on the basis of specifications specifying a plurality of packet formats.

[0121] Further, in this specification, the present invention has been described with an emphasis on the embodiments
wherein the present invention is used for the Mixed-Mode terminal that does not support Green Field. However, the
present invention can be used, as a method used by a Green-Field terminal, so as to determine whether a reception
packet is the MM packet or the GF packet, as a matter of course.

[0122] In short, the present invention has been disclosed in the form of an exemplification, and the details on the
specification should not be interpreted restrictively. The scope of claims should be considered, so as to determine the
essence of the present invention.

Claims

1. A radio-communication device performing packet-reception processing in a communication environment where
packets generated in different formats traffic, the radio-communication device comprising:

signal-reception means configured to receive a transfer signal transmitted from a packet-transmission source
via an antenna;

data-decoding means configured to decode a signal received by the signal-reception means;
data-processing means configured to process data decoded by the data-decoding means;
format-determination means configured to determine a packet format on the basis of the signal received by the
signal-reception means; and

control means configured to stop an operation of the data-decoding means when the data-processing means
does not support the packet format determined by the format-determination means, the operation being per-
formed in a field that comes after the determination is made.

2. Theradio-communication device according to Claim 1, wherein phase-modulation processing is performed for some
packet field by rotating phase space by as much as a predetermined angle with reference to the previous and
subsequent packet fields, and a field subjected to the phase-modulation processing achieved by rotating the phase
space changes according to the packet format, and
wherein the format-determination means is configured to determine the packet format by locating the field subjected
to the phase-modulation processing achieved by rotating the phase space.

3. The radio-communication device according to Claim 2, wherein the format-determination means is configured to
determine whether the absolute phase space of a predetermined symbol in the packet is rotated, so as to determine
the packet format.

4. The radio-communication device according to Claim 3, wherein the predetermined packet symbol is the third packet
symbol or the fifth packet symbol.

5. The radio-communication device according to Claim 3 or 4 being further configured to perform a phase correction
before the format-determination means determines the packet format, so as to determine the absolute phase space.

6. The radio-communication device according to Claim 2, wherein the format-determination means is configured to
detect the relative phase difference between two predetermined subsequent symbols in the packet, so as to deter-
mine the packet format based on the detected phase difference.

7. The radio-communication device according to Claim 6, wherein the predetermined packet symbols are the second
and third packet symbol, the third and fourth packet symbol, or the fourth and fifth packet symbol.

8. A radio-communication method provided, so as to perform packet-reception processing in a communication envi-
ronment where packets generated in different formats traffic, the radio-communication method comprising:

a signal-reception step provided, so as to receive a transfer signal transmitted from a packet-transmission
source via an antenna;

a data-decoding step provided, so as to decode a signal received, at the signal-reception step;

a data-processing step provided, so as to process data decoded, at the data-decoding step;

15



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

EP 2 317 668 A2

a format-determination step provided, so as to determine a packet format on the basis of the signal received,
at the signal-reception step; and

a control step provided, so as to stop execution of the data-decoding step when the data-processing step does
not support the packet format determined, at the format-determination step, the data-decoding step being
executed in a field that comes after the determination is made.

The radio-communication method according to Claim 8, wherein phase-modulation processing is performed for
some packet field by rotating phase space by as much as a predetermined angle with reference to the previous and
subsequent packet fields, and a field subjected to the phase-modulation processing achieved by rotating the phase
space changes according to the packet format, and

wherein in the format-determination step the packet format is determined by locating the field subjected to the phase-
modulation processing achieved by rotating the phase space.

The radio-communication method according to Claim 9,
wherein in the format-determination step the packet format is determined by determining whether the absolute

phase space of a predetermined symbol in the packet is rotated.

The radio-communication method according to Claim 10, wherein further a phase correction step is performed
before the format-determination step, so as to determine the absolute phase space.

The radio-communication method according to Claim 9, wherein in the format-determination step the packet format
is determined based on detecting the relative phase difference between two predetermined subsequent symbols
in the packet.

Computer program for implementing a method according to one of the claims 8 to 12.

Storage medium storing a computer program according to claim 13.

16
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FIG. 11
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